Evaluation of acceptability and preliminary efficacy of an Internet and short message service (SMS) intervention for promoting physical activity (PA) in Hong Kong Chinese school children. An 8-week quasi-experimental study non-randomly assigned 78 school children (mean age = 12. There was a non-significant trend between groups in both SMR ( p = 0.24) and PA ( p = 0.13). Despite the similar ratings of satisfaction between Internet (M = 3.12 -0.74) and SMS (M = 3.12 -0.84), participants displayed distinct patterns of exposure with 66% exhibiting a weekly login rate of 0.5 times/person and an average of 3.75 minutes/visit/person. In contrast, 79% of participants read an average of 1.3 SMS/person/week and 47% voluntarily replied to *3.8 SMS/person. These findings demonstrate the acceptability and preliminary efficacy of an Internet-SMS-based intervention for promoting PA in Hong Kong school children. The divergent exposure rates between the Internet and SMS may be a unique pattern for adolescents in early SMR. Future research should be cognizant of the importance of SMR since it may influence utilization and/or adherence.
Introduction
R egular physical activity (PA) is associated with a reduced risk of non-communicable chronic diseases, such as diabetes and obesity, in adolescents.
1,2 However, < 50% of adolescents in developed countries meet PA recommendations (i.e., q60 minutes of moderate-to-vigorous PA on most days of the week). [3] [4] [5] [6] Given the consequences and prevalence of adolescent physical inactivity, it is essential to develop efficacious interventions for promoting PA.
Information and Communication Technologies (ICTs), and particularly the Internet and mobile phones, are often advocated as an important medium for health communication and intervention in youth due to its ease of use, high accessibility, and acceptability. [7] [8] [9] [10] In developed countries (e.g., United States and Hong Kong), over 90% of the adolescent population has access to Internet 6, 11 and uses it regularly for activities that range from learning to social networking and shopping. 12 A majority of adolescents own a mobile phone and 50% are users of short message services (SMSs) (i.e., text messaging). 13 Previous research has shown that 70% of adolescents have used the Internet to obtain health-related information 14, 15 and many of them have a positive attitude toward ICT delivered interventions. 16, 17 The ease of use and compatibility with adolescent's lifestyle 18 may increase the likelihood of productive behavior change via enhanced adherence. 19, 20 As such, ICT modalities may provide an effective medium in which to promote PA and reduce risk factors for disease. 9, 10 A systematic review evaluated the efficacy of ICT-based PA interventions for youth and found that more than 65% demonstrated positive effects on psychosocial (e.g., social support) or behavioral (e.g., step counts) PA outcomes. 21 The key characteristics of effective ICT-based interventions [21] [22] [23] are grounding in theory and use of behavior change techniques. [24] [25] [26] [27] Moreover, the combined use of Internet and SMS (I-SMS) may produce more positive impacts than either modality alone. 21, 22 The proposed mechanism for the concomitant efficacy of the I-SMS approach is the autonomy afforded when viewing and selecting components. 28 Additionally, the SMS utilizes a ''push'' strategy whereby researchers and health professionals deliver automatic, tailored information (e.g., medication compliance and performance feedback). Tailored messages may result in a greater propensity for behavior change as the information may be viewed as relevant and personalized. 29 The dual-modality approach, I-SMS-based interventions, for PA behavior change in adolescents is still developing. 21 Nonetheless, it has shown promising results in adult population. 30, 31 Since the I-SMS approach offers the possibility of a synergistic effect leading to enhanced information dissemination, its potential effect on adolescent's PA behavior merits investigation. The objectives of this pilot study were to evaluate the acceptability and preliminary efficacy of a theorybased, I-SMS-based intervention for promoting PA in Hong Kong Chinese school children.
Methods
An 8-week quasi-experimental study non-randomly assigned 78 school children (mean age = 12.8 years) to intervention or control group. The intervention consisted of an Internet PA program accessed twice per week and daily SMS (i.e., texts) in weekdays. The control group received no intervention. Data were collected from September 2008 until June 2009. Measurements were obtained at baseline and postintervention.
Description and selection criteria of participants
A convenience sample of adolescent school children (n = 78) was recruited from three secondary schools in Hong Kong (Fig. 1) . Inclusion/exclusion criteria were as follows: (a) 12-15 years old, (b) Internet access at home, (c) possess a personal mobile phone, (d) no physical or psychological limitation that precluded PA, and (e) currently not meeting PA recommendation as determined by a staging algorithm 32 ( Table 1 ). All study procedures were approved by the Research Ethics Committee of Hong Kong Baptist University.
Theoretical model
The Stage of Motivational Readiness for Change (SOC) model 32, 33 has been used successfully in PA interventions for adolescents 21 and was used to guide the intervention design. The SOC model provides constructs that suggest why, when, and how people change: (a) stage of motivational readiness (SMR), (b) decisional balance (pros and cons), (c) self-efficacy (perceived confidence), and (d) processes of change (POC) (strategies for change). The SMR categorizes the timing for behavior change into five stages: (a) pre-contemplation (i.e., inactive and not thinking about becoming active), (b) contemplation (i.e., inactive but thinking about becoming active), (c) preparation (i.e., PA not at recommended levels), (d) action (i.e., PA at recommended levels < 6 months), and (e) maintenance (i.e., PA at recommended level > 6 months). Stage progression is posited to be linked with improvements in decisional balance and self-efficacy, 32 and those who progress demonstrate increased utilization of the POC. 34 Previous studies 35, 36 demonstrated that individuals in the early stages of change (SOC) were more likely to have lower levels of PA, decisional balance, self-efficacy, and use fewer POC than individuals in later stages. These results suggest that interventions that enhance decisional balance, selfefficacy, and/or use of POC may be effective in promoting PA in individuals in the early SOC. These stage-specific participant characteristics also facilitate intervention design via the tailoring of content and presentation.
Study design
An 8-week quasi-experimental trial in which, after schoollevel stratification, adolescent school children were assigned to an intervention or control group. The intervention group consisted of an Internet PA program and SMS. Intervention participants were directed to access the Internet PA program twice per week and read daily text messages. The control group did not receive any intervention.
The Internet PA program was designed to improve participant's PA behavior via the provision of stage-matched PA resources and self-monitoring tools. Texts were an adjunct mode of delivery to reinforce the Internet PA program (e.g., providing encouragement) (Fig. 2) . To maintain adherence, monthly incentives (e.g., water bottles) were offered. Although responding to the SMS was optional, each participant was subsidized with HKD $30 per month (each SMS costs HKD $0.5-$1.5). Recruitment began in September 2008 and data were collected until June 2009. Questionnaires were used to collect participant's demographics. Participant's height and weight were measured by school physical education (PE) teachers.
Intervention components
Internet PA program. The Internet PA program ''Teenstep.com'' (Appendix 1) was based on previously tested materials using the SOC model. 32, 37, 38 ''Teenstep.com'' provides stage-matched information, behavioral skill training, and self-monitoring tools to facilitate PA behavior change in adolescents. Teenstep.com consists of four modules: (1) ''Why Active?,'' (2) ''Becoming Active,'' (3) ''Set Goals!,'' and (4) ''Keep Going!'' Modules 1, 2, and 3 were designed for participants in the pre-contemplation, contemplation, and preparation stage, respectively. Module 4 was developed for adolescents who successfully transited from preparation to the action stage (Appendix 2). The interactive features of the Web site included tailored feedback, a PA planner, and chat room. Once logged onto the program, participants were directed to the Physical Activity Readiness Questionnaire 39 and a staging questionnaire 32 for the stage matching (i.e., tailoring) of intervention modules. At the conclusion of each module, the participant's SMR was re-assessed and the system directed them to (a) progress to a new module or (b) remain in the current module.
A modified Delphi method 40 was used to ensure literacy level and appropriateness of contents and materials. The Delphi participants consisted of three ICT intervention experts and five secondary school PE teachers. Moreover, a formative assessment was conducted. These preliminary procedures led to productive adjustments (i.e., reduced text volume and enlarged font size).
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Short message service
The SMS was adapted from previous SMS-based health behavior interventions for adolescents [41] [42] [43] [44] and the SOC model. 32, 33 The SMS was constructed to imitate a colloquial dialogue (Cantonese) with a virtual friend ''Jackie,'' whose purpose was to establish rapport and make the intervention similar to ''human-to-human'' interactions. Previous studies [41] [42] [43] [44] suggest that adolescents perceive peer-to-peer dialogue as more acceptable than messages from a health professional. The SMS consisted of five message types: (a) motivational, (b) informational, (c) behavioral skills, (d) reinforcement of PA benefits, and (e) solutions for PA barriers (Appendix 3 for sample SMS messages).
Procedures
Invitation letters were sent to multiple Hong Kong secondary schools and three agreed to participate. Participants were recruited via flyers. Prescreening consisted of questionnaires on inclusion criteria (e.g., Internet access). A fouritem staging algorithm was used to determine SMR and PA behavior. Adolescents in pre-contemplation, contemplation, and preparation stages were invited to participate. Participants and their parents/guardians were informed of study procedures and they signed informed consent. An orientation provided participants with an online identity, and printed instructions on accessing the Internet PA program, and how to receive/respond to the SMS. An SMS was sent to the 
INTERNET, TEXT MESSAGING, AND PA PROMOTION IN ADOLESCENTS
participants to remind them to start using the Internet PA program.
Outcome measures
Outcome measures for both groups were assessed at baseline and at the end of the intervention. PE teachers of participating schools arranged the venue and researchers administered the questionnaires.
Acceptability measures
Intervention exposure rate. Frequency and duration of exposure to the Internet PA program were measured. Exposure frequency was the number of times the participant accessed the program. Exposure duration was the number of minutes per visit. An embedded database tracked the hit rate of the Internet PA program and duration (i.e., minutes/ person for each visit). Exposure frequency, but not duration, was measured for the SMS. The numbers of SMS replied were recorded via a commercial database. At the completion of the intervention, participants also reported the number of SMS they read per week on a survey.
Satisfaction with the intervention. A custom questionnaire was developed to quantify and examine the participant's satisfaction with the Internet PA program (five items, Chronbach's a = 0.92) and SMS (four items, Chronbach's a = 0.91) based on a five-point Likert scale (1 = extremely disagree, 5 = extremely agree). Participants also responded to two additional items with yes/no options: (a) ''do you want to continue to receive the SMS motivators?'' and (b) ''would you recommend this I-SMS PA intervention to your friends?'' Efficacy measures PA level. The nine-item Physical Activity Questionnaire for Older Children (PAQC) 45 was employed to measure participant's PA level over the last 7 days (five-point Likert scale). The reliability for the PAQC is 0.83 and has been validated with the Godin and Shephard Leisure Time Exercise Questionnaire (total exercise score: r = 0.41) and the SevenDay Recall Interview (hard activity: r = 0.31, p < 0.05; very hard activity: r = 0.42, p < 0.05). 46 Stage of motivational readiness. A staging algorithm 32 was used to measure participant's SMR. The staging algorithm consisted of four yes/no option items to categorize participants into five stages: pre-contemplation, contemplation, preparation, action, and maintenance. The scale had a kappa index of reliability of 0.78 over a 2-week period and has been previously validated with the Seven-Day Physical Activity Recall. 32 
Statistical analysis
Baseline characteristics were compared using chi-square tests for categorical variables and independent t tests for continuous variables. The data were analyzed on the intent- 
FIG. 2.
Mechanism of the I-SMS-based intervention. SMS, short message service.
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to-treat principle and missing data were substituted by last observation carried forward method.
Descriptive statistics were used to analyze the intervention exposure rate. Partial correlations were used to examine (a) change in efficacy outcomes (i.e., self-reported PA and SMR) in relation to the Internet PA program mean logon rate while controlling for SMS exposure and (b) change in efficacy outcomes in relation to exposure to SMS while controlling for mean logon rate of the Internet PA program. A Wilcoxon signed rank test was performed to assess the change in baseline SMR. To compare stage movement between groups, participants were divided into three categories (i.e., stable, stage progression, and stage regression) and analyzed using a chi-square test. A 2 · 2 (treatment · time) repeated measures analysis of variance was conducted for the effect of treatment (intervention vs. control) and time (baseline and post-intervention) on PA level. Follow-up analyses were conducted when significant main effects were found. A post hoc power analysis was conducted using actual sample and effect size. All analyses were conducted using the SPSS statistical package (version 16.0; SPSS, Inc., Chicago, IL). The level of significance was defined as p < 0.05 and all tests were two-tailed.
Results
All participants (100%) completed the pre-test and posttest questionnaires.
Acceptability
All intervention participants logged onto the Internet PA program at least once with 66% revisiting multiple (i.e., q2) times. Mean weekly login rate was 0.5 times/person. Total exposure duration for each participant was 30 minutes and average duration per visit was 3.75 minutes. Approximately 79% of participants read an average of 1.3 SMS/person/week and 47% voluntarily replied to *3.8 SMS/person. Participants were satisfied with the content and design with 81% affirming that they were willing to continue receiving the SMS and 59% would recommend the I-SMS system to their friends (Table 2) .
A moderate, positive relationship was found between number of SMS read and changes in SMR (r = 0.47, p = 0.009).
An inspection of zero-order correlation (r = 0.46, p = 0.01) suggested that controlling for exposure to Internet component (i.e., Internet PA program mean logon rate) had little effect on the strength of the relationship between the two variables.
Preliminary efficacy
Baseline and post-intervention efficacy outcomes are presented in Table 3 . A significant improvement in SMR was observed in the intervention group (Z = -2.558, p = 0.011), but not in the control group (Z = -0.996, p = 0.32) ( Table 3) . In contrast to controls, intervention participants demonstrated a higher percentage of stage progression (39.5% vs. 22.5%), with more participants advancing to preparation stage or beyond (18.4% vs. 11%), and fewer participants were stage neutral (50% vs. 60%) or regressed to an earlier stage (10.5% vs. 17.5%). Between-group differences were not statistically significant 
Discussion
The present study provides support for the acceptability and preliminary efficacy of I-SMS-based PA interventions on Hong Kong school children's PA behavior. Intervention participants demonstrated pre-post increments in SMR and self-reported PA. Approximately 81% affirmed that they were willing to continue receiving the SMS and 59% would recommend the I-SMS system to their friends. While intervention participants expressed similar levels of satisfaction for the Internet PA program and the SMS, the exposure rate varied substantially. Only 66% of participants logged onto the Internet program greater than or equal to two times, and the majority of those were less than three times over the 8-week study. The weekly logon rate for each participant was 0.5 times that was lower than intended rate of two times. The maintenance of an adequate exposure rate is challenging in Internet-based behavior change interventions. It has been suggested that the participant's perception of the necessity for behavior change may be a critical characteristic that determines exposure rate. 47, 48 Other stage models have classified those perceived low necessity to change (i.e., precontemplators and contemplators) as pre-intenders. 49 Typical characteristics of pre-intenders are lower levels of motivation, self-efficacy, and poor behavior change skills. 32, 33 These characteristics make them more likely to avoid cognitively demanding tasks. 29 Unfortunately, an interactive Internet program may be viewed as demanding given the interactive nature of the program (e.g., participants have to continuously specify preferences via clicking the mouse). 50 Although previous studies suggest that interactivity is a key element for increasing Web site exposure rates, 50, 51 it may be more effective with those individuals in the later SOC. The cognitive burden of interactivity may impede adherence and participation of pre-intenders.
Contrary to the Internet PA program, *79% of the participants read q1 SMS/week and about half of them responded. The number of SMS read positively correlated with the change in SMR after controlling for exposure to the Internet PA program. These findings indicate that ''pushed'' health information 52 may be more effective with pre-intenders. Accordingly, the Technology Acceptance model 53 suggests that interventions perceived as effortless will be more likely to report a higher exposure rate.
To our knowledge, this is the first I-SMS intervention to report the exposure rates of Internet and SMS components independently as well as their contribution to efficacy. Our results suggest that there may be an interaction between the different modes of information dissemination and SOC. For example, personalized SMS alone requires little effort and therefore may be more effective for individuals in the early SOC. In contrast, a comprehensive and interactive Internet PA program may better meet the needs of individuals in the latter SOC since they take an active role in obtaining information. 32, 33 Nevertheless, future investigations should include objective measures of exposure.
The current study did not detect significant between-group effect or interaction effect. However, it is important to note that the increment in SMR and self-reported PA in the intervention group achieved medium effect sizes. A lack of power was responsible for the lack of significant between-group differences in that previous studies have shown significant between-group difference when medium effect sizes are achieved. 21 The results of the post hoc power analysis indicate that a sample size much greater than that of our pilot study (i.e., q126) would be required to detect a significant betweengroup and interaction effect (1 -b = 80%, effect size d = 0.5, and Chronbach's a = 0.05). This finding provides valuable information for future randomized controlled trials.
The present study has a number of strengths, and the positive findings demonstrate the necessity of theory-based intervention design, while providing support for the use of SOC constructs for tailoring ICT-based PA interventions. Objective measures for frequency and/or duration of intervention exposure rates for both modes are a significant advancement in our understanding of the potential for an interaction between the mode of information delivery and the individual's SOC. Our findings offer novel insights on technology selection and suggest that future investigators examine combinations of technologies to optimize respective strengths and minimize the limitations engendered by the SOC characteristics of diverse populations. 54, 55 In conclusion, this pilot study demonstrated that a stagematched, I-SMS-based intervention is an acceptable approach for promoting PA among Hong Kong school children and provides support for the use of SOC constructs in the design and implementation of I-SMS-based interventions.
